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[57] ABSTRACT 

A system for the analysis and measurement of thin films 
in which the light output of a laser is split into two 
beams, a first beam being focused to illuminate the en- 
tire area of a photographic plate and a second beam 
being colummated and directed through a relatively 
small portion of the photographic plate onto the sample 
having a film to be observed. The surface of the sample 
is positioned at a slight angle with respect to a plane 
normal to the second beam and the light reflected from 
the sample arrives back at the photographic plate in a 
region other than through which the second beam orig- 
inally passed. By making two successive exposures dur- 
ing the deposition of material on the surface of the sam- 
ple, holograms are recorded on the photographic plate. 
The plate is then developed and interference lines of 
the hologram provide a measurement of the film or ma- 
terial deposited between exposure. 
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HOLOGRAPHIC THIN FILM ANALYZER 
ORIGIN OF THE INVENTION 

The invention described herein was made by employ- 
ees of the United States Government and may be man- 
ufactured and used by or for the Government of the 
United States of America for governmental purposes 
without the payment of any royalties thereon or there- 
for. 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

This invention relates to the measurement and analy- 
sis of thin films and particularly to a system of this char- 
acter which utilizes the production and analysis of ho- 
lographic images, or holograms. 

2. Description of the Prior Art 

Heretofore the measurement of thin films has gener- 
ally relied upon indirect measurements using some 
characteristic for measurement other than by direct ob- 
servation of thickness. In one such method the object 
to which a film is to be applied is weighed, then the film 
applied and finally the object reweighed. The film 
thickness is then calculated from measured weight and 
an assumed density of the film. Of course, with this 
method it is necessary to know precisely the density of 
the film which, unfortunately, is not always known. 
This is particularly true where a film is the result of at- 
mospheric contamination. In another method a beam 
of light is directed onto an object to be coated with a 
film and while the film is being applied a sample of light 
reflected from the object is monitored. Then by mea- 
suring this reflected light and assuming a reflective 
characteristic for the composition of the film, film 
thickness may be computed. 

Neither of these prior methods have proved entirely 
satisfactory in that they rely upon assumptions which 
are not always known with sufficient accuracy. In the 
one case it must be assumed that density is precisely 
known and in both cases it must be assumed that the 
coating or films are uniformly applied, which is not an 
entirely reliable assumption. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide an 
improved system for the measurement of thin films 
which is more accurate than previous such systems and 
is capable of making measurements during the process 
of application of a thin film to thus enable the accu- 
rately controlled production of a selected film thick- 
ness, 

These and other objects, features and advantages are 
embodied in the present invention in which the compo- 
nents and their arrangement are as follows. First, the 
object or sample to which a film is to be applied is 
placed within a vacuum enclosure and positioned to be 
viewed by a photographic plate. Light from a source of 
coherent light, such as a laser, is split into two beams, 
one beam of which is directed to illuminate the surface 
of the photographic plate and the other beam is colum- 
mated and directed onto a surface of the object, which 
surface is appropriately oriented to reflect the light 
onto the photographic plate. In accordance with one 
aspect of the invention the colummated beam would be 
small in cross section compared with the full surface of 
the photographic plate and would be directed through 
a portion of the photographic plate onto the object. 


2 

The object, or observed surface of the object, is appro- 
priately tilted to reflect a beam back to the photo- 
graphic plate onto a region separated from the region 
of the plate through which the original beam passed. In 
5 accordance with still another aspect of the invention, 
and where the object to be viewed is transparent, a sec- 
ond image on a third discrete region of the photo- 
graphic plate is obtained by placing a slightly tilted mir- 
ror behind the object and then light passing through the 
10 object is reflected back through the object to the pho- 
tographic plate. By this latter configuration there is reg- 
istered the effect of a double passage through the ob- 
ject. Holograms produced through successive expo- 
sures of the photographic plate, between which expo- 
1 S sures a film of material is deposited on the object, pro- 
vide a measure of film thickness. As a still further fea- 
ture of the invention a face plate is interposed in the 
path of one of the beams and the phase shifted to twin 
exposures and thereby only changed conditions, or 
20 added thickness, is observed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. I is a schematic illustration of an embodiment 
of the invention. 

25 FIG. 2 is a photographic plate after exposure and de- 
velopment illustrating both transmission and reflection 
type holographic images. 

FIG. 3 is an enlarged schematic illustration of a por- 
tion of FIG. 1. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

The object or sample 10 upon which a thin film is to 
be deposited is placed within vacuum chamber 12. It is 
35 viewable through glass ports 14 of vacuum chamber 12, 
and, as shown, it is posijioned in front of a reflecting 
surface or mirror 16. Photographic plate 13 is posi- 
tioned just outside of vacuum chamber 12 and is lo- 
cated and oriented to view sample 10. Helium-neon 
40 laser 20 projects a beam of coherent light 22 which is 
controlled by an “on-off” camera type shutter 24. This 
beam of light is split into two beams by beam splitter 
26 and one of the beams, beam 28, is passed through 
phase plate 30. Phase plate 30 is of the adjustable type 
45 which optically delays the passage of beam 28 in the 
range of zero to 1 80°, depending upon its adjustment. 
From phase plate 30, beam 28 is reflected by mirror 32 
to lens 34 which then focuses beam 28 through pinhole 
36, at the focal point of lens 34, to mirror 38 which re- 
0 fleets beam 28 onto photographic plate 18. Beam 28 is 
of appropriate dimensions to substantially cover photo- 
graphic plate 13. 

The second beam leaving beam splitter 26, beam 40, 
is focused by lens 42 through pinhole 44,at the focal 
point of lens 42, onto colummating lens 46. Colummat- 
ing lens 46 colummates beam 40 into a beam of a di- 
mension corresponding to the frontal area of sample 10 
which beam is reflected via mirrors 48 and 50 through 
. a region 52 of photographic plate 18 onto sample 10. 
A portion of light, labeled beam 54 (FIG. 3), is re- 
flected by the surface of sample 10 onto an area of pho- 
tographic plate 18 labeled region 56. This is accom- 
plished by tilting sample 10 slightly. Assuming that 
sample 10 is transparent a portion of light from beam 
40 will pass through sample 10 and reflected, as beam 
58, by mirror 16, back through sample 10 to a third dis- 
crete region 60 of photographic plate 18. 
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Thus by opening shutter 24 for an appropriate expo- 
sure period, there will have been exposed on photo- 
graphic plate 18 one or two holographic images, as the 
case may be. Such an image or images are the result of 
interference fringes developed between the direct irra- 
diation of photographic plate 18 by laser 20 and the in- 
direct irradiation of it by light from the same source but 
which has been directed onto and reflected from, or 
passed through, the sample. As shown in FIG. 2, which 
illustrates photographic plate 18 after development, re- 
gion 52 is totally exposed as indicated by a totally black 
image 61, region 56 illustrates a “reflectance” holo- 
gram 62 and region 60 illustrates a “transmission” ho- 
lograph 64. 

The purpose of phase plate 30 is to permit the phase 
of illumination of one beam to be shifted 1 80° between 
successive exposures and thus the original data is can- 
celled out and only the change in data is seen. In this 
manner a more sensitive presentation is obtained. 
While phase plate 30 can be placed in either beam 
path, beam 28 or 40, it is usually preferably to place it 
in the path of the beam illuminating the whole of pho- 
tographic plate 18, in this case beam 28. Beam director 
65 consists of two adjustable mirrors which compen- 
sate for any difference in the laser height and height of 
the rest of the system. 

Operation of the system may be in either of two 
modes. In one, a first exposure of photographic plate 
18 is made of the original state of the object to be ex- 
amined. Thereafter, the surface of the object is sub- 
jected to deposition of a film of material, e.g. by envi- 
ronmental deposition or deposition within a controlled 
environment. Finally, a second exposure is made on 
photographic plate 18 and the film thickness deter- 
mined by developing the late and measuring the num- 
ber or movement of the interference lines of the result- 
ing hologram or holograms. For example, and with ref- 
erence to FIG. 2, the distance between lines 66 and 68 
of reflectance hologram 62 are representative of the 
film thickness. Assuming that sample 10 is transparent, 
there will also be provided transmission hologram 64 in 
which the distance between lines 69 and 70 are repre- 
sentative of near twice the thickness of film 72 on sam- 
ple 10. The relationship between the lines of the two 
holograms are not precisely two-to-one because in the 
reflected case there is some penetration of the sample 
before reflection. However, this difference is repeat- 
able and thus does not significantly effect accuracies of 
measured thicknesses. Particles 74 are reproduced in 
reflectance hologram 62 but not in transmission holo- 
gram 64. Thus in th case of transmission holograms this 
type of data is not reproduced. With phase plate 30 ad- 
justed between exposures to shift phase 180°, the re- 
sulting holograms display only lines of changed thick- 
ness and thus only the added film 72 is represented by 
the holograms. 

In the second mode of operation of the system, the 
first exposure is made prior to the deposition of mate- 
rial on the object, photographic plate 18 developed, 
and replaced in its original position. Thereafter sample 
10 and photographic plate 18 are illuminated by coher- 
ent beams 28 and 40 and the deposition of material on 
sample 1© commenced. This is accomplished by oper- 
ating, for example, heat control 73 to cause evaporator 
74 to increase temperature and evaporate material 
which then forms on sample 10. The back side of pho- 
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tographic plate 18 is then continuously viewed from 
point 76 along line 78 during the deposition process, 
and the development of interference lines, either from 
a reflection image or a transmission image observed. 

5 When the movement of the lines indicates a desired 
film thickness, heat control 73 is operated to reduce 
the temperature of evaporator 74 and the deposition 
process is stepped. Thus in this mode of operation of 
the invention, it provides an extremely accurate means 

10 of obtaining a desired film thickness. 

What is claimed is: 

1. A thin film analyzer for determining the thickness 
of a film on an object comprising: 

A. a source of coherent light; 

IS B. a beam splitter to which a beam of light from said 
source of coherent tight is directed for providing as 
an output first and second beams of coherent light; 

C. a photographic plate positioned for viewing said 
object; 

20 D. light colummating means; 

E. first optical means responsive to said first beam of 
coherent light for directing said first beam onto and 
over the thus illuminated area of said photographic 
plate; 

25 F. second optical means responsive to said second 
beam of coherent light for directing said second 
beam through said colummating means and 
through a first discrete area of said photographic 
plate onto said object from which it is reflected 

30 back to a second discrete area of said photographic 
plate which is within said illuminated area; 

G. A mirror adapted to be positioned behind a said 
object with respect to said photographic plate and 
wherein light passing through said object is re- 

35 fleeted back through the object to a third discrete 
area of said photographic plate within said illumi- 
nated area and spaced from said second discrete 
area; 

H. a vacuum chamber surrounding said object; 

40 I. a source of material positioned within said vacuum 
chamber and including deposition means for caus- 
ing said material to be deposited on the surface of 
said object; and 

J. control means acting on said deposition means for 

45 selectively controlling the deposition of material 
from said source of material onto a said object; 

whereby two successive exposures of light directed 
onto said object and reflected back to said photo- 
graphic plate provide an indication of thickness of 

50 film deposited on said object between said expo- 
sures, the photographic plate being developed after 
one of said exposures. 

2. A thin film analyzer as set forth in claim 1 further 
comprising optical phase shift means interposed in the 

55 path of one of said first and second beams leaving said 
beam splitter. 

3. A thin film analyzer as set forth in claim 2 wherein 
said optical phase shift means is interposed in the path 
of said first beam and comprises means for varying the 

60 phase shift of said beam as a beam passes through it. 

4. A thin film analyzer as set forth in claim 3 further 
comprising shutter means positioned to interrupt the 
output of said source of coherent light for selectively 
controlling the period of exposure of said beams on 

65 said photographic plate and said object. 
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